between food insecurity and child obesity. [24] [25] [26] [27] However, other studies have found either no relationship [28] [29] [30] [31] [32] [33] or an inverse relationship. [34] [35] [36] In addition to high levels of overweight and food insecurity, children in low-income families experience a myriad of adverse psychosocial conditions that result in high levels of stress. 37 The stressors experienced by lowincome families may originate from within individuals, family members (mothers, fathers, siblings, etc), neighborhoods, and communities. In turn, low-income families may have difficulty dealing with stressors, because they may not have adequate resources to cope with them. Household-production theories posit that families "produce" child health outcomes, such as obesity, through parental resources or lack thereof, [38] [39] [40] as well as other factors, including stress, which threaten a family's adjustment. 41, 42 In this research, we assessed maternal mental, physical, financial, and family-structure stressors, all of which have been linked to increased physical and emotional health outcomes for children in lowincome families. [43] [44] [45] [46] [47] [48] [49] [50] [51] Of importance to this article is the growing body of evidence describing how and why stress can lead to obesity. [52] [53] [54] For example, increased levels of cortisol during stressful conditions and the chronic hypersecretion of cortisol may lead to metabolic abnormalities and obesity. 54 Stress may also contribute to poor eating habits 55 and lower physical activity levels, 55 which are both associated with overweight and obesity. [56] [57] [58] [59] In this article, we further examined the relationship between stress and childhood overweight by considering the stress that children face via their mother's stressors from mental, physical, financial, and family-structure issues. These stressors experienced by parents can be transmitted to children through several mechanisms (eg, diminished parenting, lack of time with children, or inability to shop for or cook nutritional foods), which then leads to higher stress levels among children and/or lower levels of well-being. 47, 60, 61 Our overall aim was to examine the independent relationships and interactions between food insecurity, maternal stressors, and overweight in a nationally representative sample of lowincome children. We conjectured that maternal stressors may exacerbate the relationship between food insecurity and child obesity.
METHODS

Participants
Participants were from the 1999 -2002 National Health and Nutrition Examination Survey (NHANES). The NHANES is a program of studies conducted by the National Center for Health Statistics (NCHS), Centers for Disease Control (CDC) to assess the health and nutritional status of adults and children in the United States. The NHANES examines a nationally representative sample of ϳ5000 persons each year, approximately half of whom are children. 62 Because food insecurity is rare among households above 200% of the poverty line, 23 the sample was limited to households below this threshold.
The publicly available NHANES has information on children and adults but does not allow one to ascertain whether a surveyed adult lives in the same household as a surveyed child. To obtain this information, we received permission to access confidential NHANES data that included household identifiers, which allowed us to match adults with children in the same household. However, the relationship between the household members remained unknown. Given this uncertainty, we further limited our sample to households with a female adult and at least 1 child in which at least 17 years separated the female adult and child. We investigated what proportion of our sample could be considered mothers and their children by examining another nationally representative data set (the Current Population Survey [CPS]), in which information on the relationship between household members is available. In the CPS, Ͼ88% of households with a woman and a child who were at least 17 years apart in age were composed of a mother and her child or children (analysis available on request). Henceforth, we refer to the female adult in the NHANES as the child's mother. The final NHANES analytical sample consisted of 841 children in 425 households. Approximately half of the children were nonHispanic white, and one fourth were Hispanic of any race.
Measures
Classification of Weight Status
Height and weight were measured with an automated data-collection system by a trained technician in the NHANES mobile examination center. BMI (kg/m 2 ) was calculated from the child's weight and height and mapped into a percentile by using age-and genderspecific reference values of the CDC growth charts for the United States. 63 A child was then classified into 1 of 4 weight-status categories: (1) underweight (BMI Ͻ 5th percentile); (2) healthy weight (BMI ϭ 5th-84th percentile); (3) overweight (BMI ϭ 85th-94th percentile), and (4) obese (BMI Ͼ 95th percentile). To ensure that our referent group included healthy-weight children, we excluded underweight children (BMI Ͻ 5th percentile; n ϭ 51).
Food Insecurity
We used the same methodology as the US Department of Agriculture (USDA) for our measures of food insecurity. 23 Defined over a 12-month period, a series of 18 questions (the USDA Core Food Security Module [CFSM]) was posed to NHANES mothers. 64 The full set of questions can be found in the Appendix. Two definitions of food insecurity were used. First, food insecurity was defined at the household level. A household with Յ2 affirmative responses was categorized as food secure, and a household with Ն3 affirmative responses was categorized as food insecure. Second, food insecurity was defined with respect to the children in the household via the 8 child-specific CFSM questions. Note that this measure is defined for all the children in the household, not just the child for whom overweight was being considered. Consistent with the USDA 23 and Casey et al, 25 children were defined as being in a food insecure household if Ն2 questions of the 8 child-specific questions were answered affirmatively.
Maternal Stressors
Stress is an often-used construct across different disciplines. 65, 66 Consistent with theoretical work on the "stress process," 65, 67 we defined stressors as the external factors that may cause this response. 65, 67, 68 Children may also experience "stressor pile-up" as a result of dealing with multiple stressors at once, 69 which has been related to increased rates of children's psychopathology, 70, 71 problem behaviors, [72] [73] [74] [75] [76] [77] academic problems, [70] [71] [72] [77] [78] [79] and physical health problems. 73, 74 Therefore, we focused on a cumulative maternal stressor model rather than individual stressors. We assessed 4 indices of maternal stressors as described below. Finally, we created a total cumulative stressors index by summing the 4 indices.
Cumulative Mental Stressors Index
Using items from the Organization Composite International Diagnostic Interview, the following 3 measures were used to assess the mental stressors experienced by the child's mother. 80 A value of 0 to 9 was assigned to the first indicator on the basis of the number of affirmative responses to questions assessing maternal depression. These questions were only asked of people who already passed through a screener demonstrating that they experienced at least some depression. Thus, a person without depression or with no symptoms of depression would receive a score of "0." The 9 questions were: Did the respondent have (1) a depressed mood, (2) markedly diminished interest in things, (3) significant appetite or weight change, (4) insomnia or hypersomnia, (5) psychomotor agitation or retardation, (6) fatigue or loss of energy, (7) feelings of worthlessness or guilt, (8) diminished ability to think or concentrate or indecisiveness, or (9) recurrent thoughts of death, suicidal ideation, plan, or attempt? The second measure received a value of 1 if the child's mother reported ever experiencing a panic attack. Finally, a score was assigned to the third measure on the basis of the number of affirmative responses to 6 questions that addressed symptoms of anxiety. These questions were only asked of people who already passed through a screener demonstrating that they experienced at least some anxiety. Thus, a person without anxiety or with no symptoms of anxiety would be assigned a value of "0." The questions were: Did the respondent often (1) feel restless or "keyed up," (2) feel more tired than usual, (3) feel more irritable, (4) have trouble sleeping, (5) have trouble keeping mind on topic, or (6) have tense, sore, or aching muscles? The cumulative mental stressor index was summed from all these measures and ranged from 0 to 16.
Cumulative Physical Stressor Index
Three measures were used to assess the physical stressors experienced by the child's mother. First, a value of 1 was assigned if she reported being in "fair" or "poor" health from a set of possible responses of "excellent," "very good," "good," "fair," or "poor." Second, a value of 1 was assigned if she reported any limitations that kept her from working; limitations that reduced the amount of work she could do; or physical, mental, or emotional limitations. Third, a value of 1 was assigned if the child's mother reported being unable to perform at least 1 activity of daily living (ADL). The cumulative physical stressor index ranged from 0 to 3.
Cumulative Financial Stressor Index
The following measures were used to define financial stressors experienced by the child's mother. The first 3 related to working. A value of 1 was assigned if the mother was unemployed or out of the labor force, worked Ͻ20 hours per week, or worked Ͼ60 hours per week. A value of 1 was assigned if she had no health insurance. Finally, a value of 1 was assigned if she was unable to work because of a disability. The cumulative financial stressor index summed across these 5 questions and ranged from 0 to 3, because the 3 work questions were mutually exclusive.
Cumulative Family Structure Stressor Index
To measure stressors related to family structure, a value of 1 was assigned to mothers who were not married. We delineate family structure as a unique stressor. Indeed, single mothers, especially those living in poverty, may be more likely to experience financial, mental, and physical health problems than mothers who are married. 81, 82 However, they may also be experiencing other stressors (eg, stigma, child care issues, lack of social support) not tapped by our other 3 indices.
Total Cumulative Stressor Index
To test an index of accumulated maternal stressors, we created a total cumulative stressor index by summing each of these 4 indices. The cumulative stressor index ranged from 0 to 23. This is consistent with, for example, refs 83-87. We also created 3 alternative specifications. These alternative specifications are (1) an index with weights inversely proportional to the number of possible responses within an index, (2) an index with weights inversely proportional to the average number of responses within an index, and (3) an index derived from a factor analysis defined over the 4 stress indices. For specification 3, the index was derived by using the factor command in Stata 10 for Windows 88 (as described by, eg, van Bel et al 89 ).
Confounders
Several demographic characteristics were included as covariates because they are often related to children's weight status, food insecurity status, and maternal stressors. Child-specific covariates included age (years), race/ ethnicity (Hispanic of any race, non-Hispanic black, and non-Hispanic white), household income divided by the poverty line, and gender. Maternal-specific covariates included whether a high school degree or General Equivalency Diploma is held by the mother, and mother's BMI and age. For parsimony, we did not include these coefficients in the tables. Complete results are available on request.
Statistical Analyses
Descriptive statistics were calculated for sociodemographic characteristics, maternal stressors, and child weight measures and weighted with the sample weights supplied for the 4-year sample in the NHANES. Probit maximum-likelihood models 90 were estimated to assess associations with a child's probability of being at risk of overweight or overweight. Specifically, the following models that controlled for other factors were estimated:
• Model 1: food insecurity;
• Model 2: food insecurity and the 4 maternal stressor indices;
• Model 3: food insecurity, the 4 maternal stressor indices, and the interaction of these indices with food insecurity;
• Model 4: food insecurity and a total cumulative maternal stressor index; and
• Model 5: food insecurity, the total cumulative maternal stressor index, and the interaction of this index with food insecurity.
These models were estimated for food insecurity defined at the household level and for all the children in the household. Because multiple children in the sample could be in the same household, the confidence intervals (CIs) were adjusted for clustering at the household level. 91 On the basis of previous studies, 92-94 these models were not weighted because some of the covariates in our models were used in the establishment of the sample weights. We repeat our results from the baseline cumulative stressor model along with the alternative specifications of the cumulative indices described above. Because the effect of food insecurity and stress may differ by age, the models were further estimated for 2 age groupings (3-10 and 11-17 years of age) on the basis of youth physical and psychosocial development.
To convey the combined influence of the variables in the interactive model and the total cumulative maternal stressor index, the odds of being overweight or obese were estimated at different levels of total cumulative maternal stress for children in food insecure and food secure households. The values of all other variables were assessed at their sample means. All analyses were conducted by using Stata 10 for Windows. 88 
RESULTS
Descriptive characteristics for the sample are provided in Table 1 . Thirty-seven percent of the children were either overweight or obese. Approximately one fourth and one fifth of the children were food insecure when food insecurity was reported at the household and child level, respectively. A range of stressors was reported by mothers. Many of the covariates reflected the characteristics of a low-income sample. In addition, 52.4% of the children were the sole child interviewed in the household, 28.6% of the children were 1 of 2 children interviewed, 13.4% were 1 of 3 children interviewed, and the remaining 5.5% were 1 of Ͼ3 children interviewed (results not shown). Tables 2 and 3 report the results from the multivariate probit regression analyses. The columns in the tables correspond with the models described in "Statistical Analyses" (eg, column 1 is model 1). Food insecurity measured at the household level was not significantly related to the weight status of the child (Table 2, model 1) . Similarly, none of the maternal stressor indices were significant when tested as independent main effects or when they were interacted with food insecurity (models 2 and 3). Akin to model 2, the cumulative stress index was statistically insignificant in model 4. In model 5, a significant interaction was found between the cumulative stressor index and food insecurity at the household level. In other words, the positive effect of stress on childhood overweight is reduced when the household is food insecure and is enhanced when the household is food secure.
When food insecurity was measured at the child level (Table 3) , in models 1, 2, and 4, the results are similar to those for the respective models when food insecurity was measured at the household level. In model 3, however, food insecurity at the child level has a positive and statistically significant association with the weight status of the child. In addition, the family structure stressor All results are weighted using child weights.
interacted with food insecurity at the child-level was negative and statistically significant. In other words, children in food secure households experiencing familystructure stress (ie, an unmarried mother) are more likely to be overweight or at risk of overweight than children in food insecure households experiencing this type of stress. In model 5, the associations of the cumulative stress index and its interaction with food insecurity showed a trend for being statistically insignificant (.06 and .05, respectively). Although these are statistically insignificant (but jointly significant), the trend results do support the pattern of results in model 5 of Table  3 , when food insecurity was measured at the household level. This is our main consistent pattern of results overall for the 2 measures of food insecurity. Moreover, as seen below in the results from the alternative indices and for the analysis for which the sample was split according to age, the effects of total cumulative maternal stress are statistically significant in many instances for both measures of food insecurity. Figure 1 illustrates the relationships between food security, maternal stressors, and childhood overweight. The child's probability of being overweight or obese is estimated for children in (1) food secure and (2) foodinsecure households with total cumulative stressor index values of 0, 3 (the mean value), and 6. These simulations use the results from model 5 in Tables 2 and 3 . Figure 1 left is for the household food insecurity measure, and Fig  1 right is for the child food insecurity measure. For children in households with values of 0 for the total cumulative stressor index, children in food secure households as defined at the household level had a 33.0% probability of being overweight, whereas children in food insecure households had a 34.8% probability. However, at the mean value of the total cumulative stressor index the probabilities began to diverge, with children in food secure households having a 38.9% probability of being overweight or obese, whereas the probability for children in food insecure households was 33.0%. Finally, when a 1-SD increase above the mean (ie, 6) in the index was tested, a larger divergence was shown. Children in food-secure households had a 43.7% greater probability of being overweight or obese relative to children in food insecure households. The patterns of results were similar when food insecurity was measured at the child level. The probabilities for 0, 3, and 6 stressors were 32.4%, 36.7%, and 41.2% for food secure households and 41.4%, 38.6%, and 35.9% for food insecure households, respectively. Table 4 contains the results from the 3 alternative specifications (detailed above) of the total cumulative stressor index. Column 1 repeats the results from model 5 of Tables 2 and 3 . Indeed, the statistically significant interaction between food insecurity and total cumulative stressors holds across all 3 model specifications when food security is defined at the household level (columns 2-4). Once again, increases in maternal stressors amplified a food secure child's probability of being overweight or obese. As noted earlier, this interaction was barely statistically insignificant when food insecurity was measured at the child level. However, the interaction between food insecurity at the child level and total cumulative stressors is statistically significant in 2 of 3 of the alternative specifications (columns 2 and 4). Thus, in general, across household and child definitions of food insecurity, the positive effect of stress on childhood overweight is reduced when the household is food insecure and increased when the household is food secure. Table 5 repeats the analyses of model 5 in Tables 2  and 3 when the sample is broken down into 2 age categories (ages 3-10 and 11-17 years). For young children (column 1), the association between the interaction of total cumulative stressors and food insecurity is negative but insignificant, albeit with low P values (.07 for household food insecurity and .08 for child food insecurity). However, supporting the results from Table 2 , the alternative indices did show statistically significant effects for the interaction between cumulative stressors and food insecurity (for each measure) for children between the ages of 3 and 10 years (results not tabulated but available on request). For children over the age of 10 years, the interaction of total cumulative stressors and food insecurity and child weight were all statistically insignificant.
DISCUSSION
We found that food insecurity and maternal stressors were, in most of our specifications, not independently associated with a child's probability of being overweight or obese. However, when these factors were considered jointly, children in food secure households suffering from maternal stressors were more likely to be overweight or obese than children in food insecure households with mothers suffering from similar stressor levels. In other words, increases in maternal stressors increased the probability of being overweight or obese for children in food secure households but decreased these odds for children in food insecure households. Insofar as the majority of low-income children in the United States live in food secure households, our findings indicate that maternal stressors (via its interaction with food insecurity) may be an important factor for children in the United States that are overweight or obese. Our findings are particularly relevant for children between the ages of 3 and 10. We conjecture that the interaction between food insecurity and maternal stress is particularly salient for younger children more so than it is for adolescents, because they lack the resources to recover from diminished parenting of mothers who are stressed. For example, adolescents may turn to outside sources (eg, schools, friends, work) for instrumental (eg, money or food) or expressive (eg, social support) resources that may mediate the relationship between maternal stressors and food insecurity on their propensity to be overweight or obese. Future research should address a family-stress model that accounts for these meditational family processes at varying developmental stages to understand the age differences we found among these associations. Our findings are contrary to our hypothesis insofar as maternal stressors did not exacerbate the relationship between food insecurity and child overweight. Some possible reasons for not finding this expected association are as follows. First, children in food secure households may consume greater energy and possess a positive energy balance compared with children in food insecure households. Although children in both household types may have wanted to eat in response to maternal stressors, only children in food secure households may be able to do so. Second, children in food secure households may have a greater ability to consume more "comfort foods," which are often unhealthy, in response to the stressors they experience. Third, the difference in the direction of the relationships in food secure and food insecure children may be related to the influence of stress in conjunction with energy availability. More specifically, higher stress levels coupled with sufficient (or excess) energy intake may produce metabolic disturbances that lead to obesity. In contrast, food insecure children who are experiencing undernourishment may be facing the catabolic effects of cortisol in muscle, 95 thus resulting in a lower BMI.
Maternal stressors are just 1 set of stressors that lowincome children face, along with individual, household, and community-level stressors. Our findings show that when it comes to overweight and obesity, low-income children are indeed influenced by stress emanating from their mother. In particular, we found that the cumulative stress experienced by the child's mother is an important determinant of child overweight. Thus, although it is important to examine stressors coming from individuals, households, and communities, it is also important to examine stressors coming from children's main caregivers.
This study also contributes to the often-discussed relationship between food insecurity and childhood weight. The results from the specifications in this article are consistent with the findings of no association between food insecurity and childhood overweight. [28] [29] [30] [31] [32] [33] In a limited number of our specifications, however, we did find a positive relationship between food insecurity and child obesity consistent with the results discussed in refs 24 -27, but only when the interaction with maternal stress was considered. One contribution our work makes with respect to this literature is that we controlled for a set of variables (the stressors) that previous work had not considered.
Five limitations of this study and subsequent directions for future research warrant mention. First, because of confidentiality restrictions, we were unable to obtain the exact relationship between the woman and the child in a household. However, on the basis of the analyses of CPS data noted earlier, we are confident that the vast majority of the female adults are the children's mothers. Second, we tested 4 indices of maternal stressors; other maternal stressors may yield different results. Third, we were unable to examine associations with food insecurity specifically for the focal child in question. Because the availability of food to eat may vary among the children in a household, analyses testing the relationships between food insecurity for a particular child and that child's overweight status are needed. 24 Fourth, for some of our indices there are not many variables that can be used from the NHANES. Those who wish to perform additional work on this topic may wish to use other data sets with richer sets of these variables. Fifth, we concentrated on low-income children in this study, because food insecurity is rare among those at Ͼ200% of the poverty line. Stressors, however, may also affect children above this threshold; others who perform additional work in this area may wish to examine how stress affects children in middle-and upper-income families.
CONCLUSIONS
There have been numerous recent recommendations to improve policies and programs to address childhood overweight. [96] [97] [98] [99] [100] [101] [102] [103] [104] Our research demonstrates that another set of policies and programs may also help reduce childhood overweight, especially for children between the ages of 3 and 10 years. Namely, these policies would entail reducing maternal stressors. Consider, for example, that a number of the mothers in this study suffer from at least 1 symptom of depression and anxiety. By providing these women with relevant medical care and counseling, these symptoms may be alleviated with the further indirect benefit of reducing childhood overweight. Similarly, other efforts to reduce other maternal stressors for low-income families may further benefit the health of the children in these households by reducing the number of stressors to which these children are exposed. Although our cumulative stress analyses give policy makers additional impetus to assist low-income families, it should be noted that these analyses provide less guidance as to which of the specific stressors examined here should be eliminated. Nevertheless, the potential benefits to be generated as a result of reducing childhood overweight and obesity should be considered as programs and policies are developed and modified in an effort to help low-income families meet their physical, financial, and familial needs. 
